I -INTRODUCTION V-aluminas are very intersting systems for spectroscopic studies on impurities. In fait tiley show structural characteristic intermediate between t:iose of or6e:-ed crystalline solids and of amorghous ones. This is due to their layered structure with spinel blocks (made of aluminum and oxygen atoms) separated by relatively low dense planar regions, which host monovalent mobile cations, disorderly distribu-ted among ,-, . Lncee inequivalent sites /I/. They are, also, interesting from a dynamical point of view, because of the possible interaction of the impurity ions with the monovalent cations, which are thermally pronoted to jump among the different mirror plane sites. In addition, the possibility to easily replace the monovalent ions of the conduction plane by simple ionic exchange technique, allows to vary the static and dynamic interactions of the impurity centres with crystal host lattice. In this paper we pre-3+ sent the fluorescence spectra of 6-a1umina:Cr crystals, where the c:~i-omium ions enter substitutionally for the A13+ ions in the different octahedral sites of the spinel block structure.
I1 -EXPERIMENTAL
The sampleswere originally supplied by Union Carbide Co~poration as a boule of Na 8 -alumina containing ~2 3 % of sodiuin excess. Li and ,lg 6 -alumina crystals, obtained by means of the ionic exchange technique froiii ?latelets of sodium 6-alunina, were kindly su9glied to us by Professor Farrinp.ton. All of the sainples contain as natWal impurities some chromium traces, substitutional for aluminum ions. For the luminescence measurements we used the 5145 a line of an ~r + ion laser. Light pulses, with variable width, ranging from 1 ms to 50 ms, were produced by focusing the laser beam on a chopper wheel. The luminescence, recorded at different delays, was analyzed with a double monochromator and detected using photon counting technique. For the time-resolved Fluorescence-Line-Narrowing (FLN) experiments, a continuous dye (DCM) laser, pumped by the ~r + ion laser, was employed. Erickson geometry /2/ was employed in order to avoid the collection of the elastically scattered laser light from the crystal.
I11 -RESULTS AND DISCUSSION
In figure 1 we report the luminescence spectra, obtained by continuous excitation of 0
3+
the 5145 A line at 78 K from Li, Na and Ag 6-a1umina:Cr crystals. The spectra show a rather complex structure, with common bands whose relative intensities are strongly monovalent-cation dependent. More information is gained from time-resolved luminescence spectra. In this way it is possible to show that the actual luminescence spectra are the sum of the emissions from different centres, with characteristic decay times. At least three different sets of centres have been identified previously /3/. In figure 2 we show the spectra corresponding to the centres with longest decay times (~2 ' 5 0 ms at 78 K, with small dependence on the crystal composition). The observed
luminescence was attributed to the E -A transition of the cr3+ ion in Al(4) site 2 /3/, which is placed in the middle of the spinel block with inversion symmetry. Such an assignement was based on the excitation spectra at 78 K, on the temperature behaviour of the relative intensity of the different lines and bands, and on the decay times. The spectra of the three samples shown in figure 2 look very similar showing 'two Zero-Phonon-Lines (ZPL) and a one-phonon sideband. The two lines, hereafter called R1 and R2, originate from the splitting of the cubic Eg doublet due to the spin-orbit interaction and to the low symmetry crystal field. In Na B -aluminaqcrystal the lines
do not show any internal structure, and their width, I', is 1.40 cm at 78 K and 245
-1 cm at room temperature. On the contrary, in Li and Ag B -alumina they show some structures, which should be related to the particular arrangement of the mobile cations in the conduction plane of these crystals. The broadening of the lines is inhomogeneous in character, as it results from FLN experiments at low temperature. In fact, the luminescence after resonant laser excitation at 4.2 K has the same shape -1 of the laser pulse (full width at half maximum = 0.5 cm ). The observed inhomoge--1 neous width (r=40 cm ) should be compared with the ty ical one observed in ordered -1 -P crystals ( E 1 cm or less) and in glasses (r1.100 cm or more). In our case the crystals present a strongly disordered ionic distribution in their conduction planes, out the emitting long living center occupies a site which is relatively far from these planes ( = 5.65 i), and the structure of its ligands is quite ordered. On the other hand, the main features of figure 1 have shorter decay times (a few ms), and are assigned to emissions from crJ+ ions in Al(1) sites / 3 / , which have lower symmetry and are closer to the disorderd conduction plane. As a consequence, the structural disorder has stronger effects, and the linewidths turn out to be larger than -1 100 cm . Here we want to focusour attention on the emissions from long lived centres, whose lines are sharp enough to allow us to measure their shifts as a function of thg, temperature. In figure 3 we plot the luminescence-delayed spectra of Na B-alumina: croT 
Na 6-a1umina:Cr crystal at different computed with the respect of the line potemperatures. Pulse width = 42 ms, and sition in the spectra at low temperature, delay = 22 i 50 ms.
as described in the text.
crystal, taken at different temperatures in the energy range of the ZPL. In order to obtain the intensity, the width, and the peak positions as a function of the temperature, the two lines were fitted with two gaussian curves, after the subtraction of the continuous underlying background, which is due to the phonon assisted emissions.
In the case of the Ag B-alumina, a fit with a pairs of gaussians was necessary to take i n account t h e i n t e r n a l s t r u c t u r e of each l i n e . Both R 1 and R2 l i n e s s h i f t with temperature toward lower energy, and t h e i r s p l i t t i n g i n c r e a s e s very slowly (%5% of t h e s h i f t v a l u e ) . The s h i f t of t h e lower energy l i n e ( R 1 ) a s a f u n c t i o n o f t h e temper a t u r e i s r e p o r t e d i n f i g u r e 4 f o r t h e t h r e e d i f f e r e n t c r y s t a l s . A s zero s h i f t we took t h e mean p o s i t i o n o f t h e low t e m p e r a t u r e s p e c t r a (T < 7 0 K ) because, within experimental accuracy ( r 2 cm-' , i.e.: %1/20 of r ) , no s h i f t was observed below 70 K.
Thermal s h i f t i s known t o be due t o t h e i n t e r a c t i o n between tHe i o n i c system and t h e normal modes of t h e l a t t i c e by Raman and d i r e c t processes /4/. Since t h e c o n t r i b u t i o n of d i r e c t processes i n n e g l i g i b l e a t high temperatures / 4 , 5 / , i t r e s u l t s t h a t t h e thermal s h i f t i s p r o p o r t i o n a l t o t h e thermal energy:
where n(w T) i s t h e thermal population f a c t o r of t h e k-th mode, and a is a c o n s t a n t .
k :
This r e l a t l o n i s v a l i d i n t h e hypothesis t h a t t h e phonon-impurity i n t e r a c t i o n i s t h e same f o r a l l t h e phonons, and depends only on t h e l o c a l l a t t i c e d i s t o r t i o n s . Equation 2 4 2+ (1) was well v e r i f i e d f o r t h e E -A t r a n s i t i o n of t h e simple system Mg0:V 161. 2 However, f o r ruby high frequency o p t i c a l phonons were shown t o be l e s s coupled t o t h e i m p u r i t i e s . I n f a c t , i n order t o f i t t h e s h i f t it was necessary t o use an e f f e c t i v e Debye temperature lower than t h a t f i t t i n g t h e s p e c i f i c h e a t /4/. Data of s p e c i f i c h e a t of d i f f e r e n t c r y s t a l s o f 8-alumina show a behaviour which seems t o be i n agreement with t h e s h i f t s r e p o r t e d i n f i g u r e 4. A s a matter of f a c t , t h e s p e c i f i c h e a t of Ag 8-alumina is higher than t h a t of t h e Na 8-alumina, i n t h e whole temperature range s t u d i e d ( T < 300 . K ) / 7 , 8 / . These d a t a were q u a n t i t a t i v e l y i n t e r p r e t e d i n terms of a s e p a r a t i o n of modes between s p i n e l block v i b r a t i o n s (assumed t o be t h e same a s f o r a -A 1 0 ) , and those of t h e 2-dimensional l a t t i c e formed by monovalent c a t i o n oxydes.
3 .
These i o n i c s p e c i e s were assumed t o v i b r a t e a s E i n s t e i n o s c i l l a t o r s with t h e same f r e --1 -1 quency a s t h a t measured s p e c t r o s c o p i c a l l y ( %30 cm f o r Ag, and ' %O cm f o r Na B-alumina, r e s p e c t i v e l y /9,10/. However, t h e d i f f e r e n c e of s p e c i f i c h e a t between Ag and Na @-alumina i n t h e measurements of r e f s . 7 and 8 were s i g n i f i c a n t only i n t h e low temperature range (T<120 K ) . A t higher temperatures t h i s d i f f e r e n c e became l e s s s i g n i f i c a n t , a l s o because of an i n c r e a s i n g c o n t r i b u t i o n t o t h e t o t a l s p e c i f i c h e a t o r i g i n a t i n g from modes of t h e s p i n e l block, which contain eleven A 1 0 u n i t s . On t h e 2 3 F i g . 5 -Delayed Fluorescence-Line-3+ Narrowing s p e c t r a of Ag 8-a1umina:Cr , obtained f o r a delay of 5 a 50 ms, a f t e r l a s e r e x c i t a t i o n switch o f f .
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